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Abstract 
  Deformation mechanisms in Ti-10V-2Fe-3Al at above β transus temperatures were 
studied mainly using Electron backscattered diffraction (EBSD). The volume fraction 
of dynamic recrystallization is lower than 10% for all test conditions in the single β 
phase field, showing that the main dynamic restoration mechanism is dynamic 
recovery. The activation energy was calculated to be 172 kJ/mol, which also 
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supported the dominant role of dynamic recovery. Besides dynamic recovery, 
continuous dynamic recrystallization (CDRX) by progressive lattice rotation was also 
observed. When it occurred, the concentration of high Kernel Average Misorientation 
(KAM) values close to grain boundaries and low KAM values at the grain center was 
observed. Geometric dynamic recrystallization hardly occurred, as high angle grain 
boundaries (HAGB) spacing was much larger than subgrain size. Discontinuous 
dynamic recrystallization (DDRX) was rarely observed. 
Keywords: Ti-10V-2Fe-3Al; Beta titanium; EBSD; deformation mechanism; 
dynamic recovery; dynamic recrystallization  
1. Introduction 
  Titanium and its alloys are widely used in aerospace, naval ships, biomedical 
applications due to their high strength-density ratio (1.8 times of steel and 1.3 times of 
aluminum), high corrosion resistance, high biocompatibility and high crack resistance 
[1, 2]
. 
  As β titanium alloys are generally very sensitive to processing parameters, 
especially Ti-10V-2Fe-3Al, changes of processing parameters can lead to various 
microstructure and mechanical properties. In order to optimize the processing routes 
and mechanical properties of beta titanium alloys, studies are generally focused on the 
deformation behavior and microstructural evolution under different deformation 
conditions [3-7]. In contrast, the restoration mechanisms during hot deformation attract 
less attention. In recent decades, research on the deformation mechanisms in beta 
titanium is attracting significant attention [8-12]. Timetal 555 was reported with 
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dynamic recrystallization for specimens deformed above 1000°C, but the study did 
not distinguish between discontinuous and continuous recrystallization. In beta 
titanium alloys, it was pointed out that recovered structures were formed within β 
grains and DDRX was observed around β grain boundaries [8, 10]. Studies by F. 
Warchomicka has observed that dynamic recovery is the main dynamic restoration 
mechanism within Ti5553 in the single β phase field, and the occurrence of CDRX is 
observed [5]. Jones also concluded that deformation is dominated by dynamic recovery 
in the β matrix in Ti5553 [13].  
  The research on the deformation mechanisms within beta titanium still lacks 
systematic and quantitative analysis. The development of EBSD techniques has 
enabled the study of deformed and recrystallized microstructures in a quantitative way. 
However, quantitative studies on different types of dynamic recrystallization remain 
limited.  
  This paper concentrates on providing a better understanding of the deformation 
mechanisms within the Ti-10V-2Fe-3Al alloy. Deformation and recrystallization 
behavior of the Ti-10V-2Fe-3Al alloy have been characterized during isothermal hot 
compression at a range of temperatures, strains and strain rates. The restoration 
mechanisms during hot deformation are then deduced from systematic EBSD analysis. 
Different types of deformation mechanisms are highlighted. 
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2. Experimental 
  Ti-10V-2Fe-3Al forged plates were supplied by a commercial supplier. The 
supplied billet was forged into the 25mm thick plate at 760°C. Heat treatment was 
conducted at 760°C for 30 minutes followed by a water quench to room temperature. 
The chemical compositions are shown in Table 1. 
  Samples were solution treated at 820°C/1h before hot compression. Due to the high 
chemical affinity of titanium for oxygen at high temperature, heat treatment was 
performed in a vacuum environment. Samples were put into quartz tubes and 
evacuated until the vacuum pressure was reduced to 10-5 Pa. The evacuated tubes 
were put into a vertical furnace for heat treatment. They were dropped into water to 
perform quenching as soon as the heat treatment was finished. 
  Samples for mechanical testing were cut into a cylindrical shape, with a diameter of 
10 mm and height of 15 mm. All the samples were taken from the center of the forged 
plate (along the forging direction). A fine line was engraved on the sample surface to 
mark direction. Uniaxial compression tests at elevated temperature were conducted on 
a 150KN Instron machine. Compression tests were performed to strains of 0.2, 0.5 
and 0.9 at 820°C, 850°C and 900°C. Bluehill® 3 software was used to control 
compression tests at constant strain rate 0.1 s-1, 0.01s-1, and 0.001s-1 respectively.  
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3. Experimental results 
3.1 Flow behavior of Ti-10V-2Fe-3Al at above β transus temperature
  The flow stress curves at above β transus temperature all follow a similar trend of 
initial hardening and discontinuous yielding followed by steady flow. Flow stress 
decreases with increasing temperature from 820°C to 900°C (Figure 1) because of the 
softening effect at high temperature. Discontinuous yielding is a distinctive feature 
above the β transus temperature.  
 
3.2 EBSD observation on β phase deformed at above β transus temperature 
  EBSD observations were carried out on samples compressed at 820°C, 850°C and 
900°C (Figure 2-4). The black lines represent HAGB, with misorientation greater than 
15°, while the white lines are the LAGB (2°<θ<15°). After deformation at a constant 
strain rate of 0.1s-1, the β phase microstructures are featured with a large amount of 
low angle grain boundaries around prior existing grain boundaries; while in the grain 
interior, no obvious low angle grain boundaries are observed. When the strain rate 
decreases to 0.001s-1, the deformation leads to a more uniform distribution of low 
angle grain boundaries.  
  Line 1 in Figure 2a and Line 2 in Figure 2e were selected as examples to analyze 
misorientation distribution, as shown in Figure 14. The point-to-origin misorientation 
measures the accumulative misorientation from a reference point to a point at a 
certain distance. It shows that point to origin misorientation increases sharply from 
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the grain interior to grain boundaries at a strain rate of 0.1s-1, while the increment at 
the strain rate of 0.001s-1 is much less.  
  Figure 2-4 shows that increasing temperature from 820°C to 900°C results in a 
more uniform distribution of low angle grain boundaries and less original grain 
boundaries. Deformed samples present strong <001> and weak <111> textures. With 
increasing temperature from 820°C to 900°C and decreasing strain rate from 0.1 s-1 to 
0.001 s-1, the <001> texture gets strengthened gradually and <111> orientation shows 
weakening tendency. There are no new orientations formed when the temperature 
increases. Deformation at supertransus temperatures produces similar textures. 
 
3.3 Dynamic recrystallization grains partition from EBSD results 
  Using advances in EBSD techniques, microstructural evolution during deformation 
can be partitioned into unrecrystallized and recrystallized sections using internal 
misorientation, which is an important property of deformed and recrystallized grains. 
  Internal misorientation within grains is one of the important factors showing 
distortion mode and stored energy [14]. The grain orientation spread (GOS) can be 
used to describe internal misorientation. GOS is defined as the average misorientation 
between all pixel pairs in a grain. A high value of GOS indicates a high content of 
dislocations and high stored energy in the sample, whereas the recrystallized samples 
are characterized by low dislocation content and a lower value of GOS [15]. Therefore 
the differences of GOS value between deformed and recrystallized grains can be used 
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to partition recrystallized grains from the deformed grains in partially recrystallized 
materials.  
  In most studies, a fixed GOS value is selected to distinguish recrystallized grains 
and unrecrystallized grains [14], and normally the value is set to about 1 and this is 
totally empirical. While in this present study, the GOS criterion was calculated for 
each sample. This new method to choose GOS criterion is based on the calculation of 
the slope of the normalized cumulative distribution to internal misorientation, which 
was first proposed by Gazder [14]. When the change in slope of the normalized 
cumulative distribution with respect to the origin tends to 1, the corresponding GOS 
was selected. Critical GOS values at the high strain rate of 0.1 s-1 are generally higher 
than that at the low strain rate of 0.001 s-1 (Table 2).  
  Figure 5 to Figure 8 show the recrystallization grains partition using GOS criteria 
and the corresponding KAM maps, which are plotted using the mean misorientation 
of selected pixels and its first three nearest neighbors, and the maximum value is set 
to 5° to avoid grain boundaries contributing to the map. 
  Recrystallized grains can be well partitioned by calculating GOS value for each 
sample. Recrystallized grains are localized at grain boundary areas. At the strain of 
0.2 (Figure 5), only a few recrystallized grains exist, and more recrystallized grains 
are found in samples deformed to a strain of 0.9. Considering the low volume fraction 
of recrystallization grains and elongated grain morphology, the dominant deformation 
mechanism is dynamic recovery. There are also some grains with relatively low GOS 
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value, but they still present elongated shapes, suggesting that dynamic recovery 
instead of recrystallization is the restoration mechanism for these grains.  
  KAM presents a higher value at grain boundaries in samples deformed to strain of 
0.2 at a high strain rate of 0.1s-1, while in the grain interior, very low KAM are 
observed. When the strain increases to 0.9, it shows a more uniform distribution of 
KAM in the grains. For all the recrystallized grains, very low KAM values are present 
as would be expected. 
  Samples deformed at the low strain rate of 0.001s-1 contain higher volume fraction 
of recrystallized grains comparing to those deformed at the high strain rate of 0.1s-1 
(Figure 7, Figure 8). Moreover, similar to the phenomenon at high strain rate, there is 
also an increasing tendency for the volume fraction of recrystallized grains to increase 
with increasing temperature. The extent of the increase is much higher at low strain 
rate. Figure 9 gives the effect of temperature and strain rate on the volume fraction of 
recrystallized grains in samples deformed to strain 0.9. Moreover, the grain size of 
recrystallized grains is larger at low strain rate, showing the growing process of 
recrystallized grains. 
  For samples deformed at a low strain rate of 0.001s-1, uniform distributions of 
KAM are observed (Figure 7, Figure 8). Much lower values of overall KAM are 
presented at reduced strain rates. Increasing strain from 0.2 to 0.9 shows little effect 
on KAM (Figure 8). Although the KAM and GOS distribution shows low orientation 
spread at low strain rate, most β grains still adopt elongated shapes, suggesting 
dynamic recovery dominates during this process instead of dynamic recrystallization. 
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This is probably due to the high stacking fault energy of Ti-10V-2Fe-3Al, which 
causes fast and extensive dynamic recovery. 
4 Discussions 
4.1 Discontinuous yielding 
  Discontinuous yielding was observed during all tests reported in this paper (Figure 
6-1), minifest as a discontinuous sharp yield point. It is more obvious at the high 
strain rate of 0.1 s-1 and less evident at the low strain rates of 0.01 and 0.001 s-1. This 
phenomenon has been extensively reported in beta titanium alloys [4, 5, 16-18]. The yield 
drop value depends on deformation parameters (deformation temperature, strain rate), 
grain size and material composition. High strain rate produces a higher value for the 
drop in yield. Fine grained material presents a higher yield drop magnitude, associated 
with a larger number of grain boundaries. For the material composition, both the type 
and concentration of beta stabilizing elements expressed with Mo eq affects the extent 
of the yield drop [16]. There is an increasing trend of increasing yield drop with 
increasing Mo eq value (Figure 10). 
4.2 Activation energy analysis for hot working at above β transus temperatures 
 It has been reported that if the activation energy is similar to the value of 
self-diffusion of pure β titanium, the only or dominant restoration mechanism in the 
beta phase is dynamic recovery [5, 13, 19]. The peak flow stress data (Figure 1) has been 
analyzed by the constitutive equation to obtain the activation energy. The constitutive 
equation can be written as Equation 1, and it has two other different expressions under 
different conditions (Equation 2 and Equation 3).  
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= A[sinh(ασ)]nexp[−Q/(RT)]  (for all stress) (1) 
= Aσnexp[−Q/(RT)]   ( ασ<0.8 ) (2) 
= A(βσ)nexp[−Q/(RT)]  ( ασ>1.2 ) (3) 
Where  is strain rate; T is the absolute temperature; R is the molar gas constant, 
8.314 J/(mole. K). Q is activation energy. A, α and β are the material constants and n 
is the stress exponent. Equation 2 and 3 can be written as Equation 4 and 5. 
ln=lnA−Q/(RT)+nlnσ (4) 
lnε=lnA−Q/(RT)+βσ (5) 
  The following equation is obtained by rewriting Equation 1. 
Q/(RT)=lnA- ln+n ln[sinh(ασ)] (6) 
  Equation 6 can be rewritten as the Equation 7 by taking partial derivatives of both 
sides with respect to T. 
Q=R 				[] 
		[]
	/ 	  (7) 
  According to Equation 4 and 5, the approximate value of constants n and β were 
determined by evaluating the slope of the lines of best fit. The average value of n and 
β can be used to determine the α value, α= β/n=0.0186. 
  The average slopes of lines in Figure 11a and Figure 11b are 2.509 and 8.255 
respectively. The average activation energy is therefore 172 KJ/mol (Equation (7)). It 
is similar to that of self-diffusion of pure beta titanium (135-153 KJ/mol) [5, 13], 
suggesting the deformation is dominated by dynamic recovery in the β matrix. The 
linear correlation of the β subgrain size with the Zener-Hollomon parameter (Figure 
12) also confirms that the main restoration mechanism in the β phase is dynamic 
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recovery [5]. Similar phenomenon has also been reported in other beta titanium alloys 
(Figure 12). 
4.3 Deformation mechanisms during hot compression at above Tβ 
  EBSD results reveal that the formation of substructure within the β grains for all 
temperatures is influenced by the strain rate. When samples are deformed at high 
strain rate, much larger quantities of low angle grain boundaries are generated. This 
also indicates that dynamic restoration occurs mainly by dynamic recovery at high 
strain rate. While at low stain rate, although dynamic recrystallized grains are 
observed, the volume fraction of recrystallized grains is very low, lower than 10% at 
all tested conditions. Dynamic recovery is also the main restoration mechanism at low 
strain rate. It can be concluded that dynamic recovery takes place dominantly within 
the β grains during hot compression in the single β phase field.  
  Moreover, the point to origin profile in Figure 14 indicates that the two grains 
involved are both recovered instead of recrystallized grains, because a recrystallized 
grain does not have an orientation gradient [20]. It was also reported that the main 
dynamic restoration mechanism is β dynamic recovery at both α+β and β phase fields 
in Ti–5Al–5Mo–5V–3Cr–1Zr and other beta titanium alloys [5, 10]. Dominant dynamic 
recovery is related to the large stacking fault energy of the beta titanium. The high 
rate of dynamic recovery is generally associated with alloys with large stacking fault 
energy. The specific value of stacking fault energy of the beta titanium is rarely 
reported, and that of Ti-25Nb is calculated to be about 300 mJ m-2 [21]. 
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  Similar to static recovery, more organized dislocation arrangements within the 
subgrain boundaries are formed during dynamic recovery at high temperature. It was 
reported that subgrain size generally reduces to a constant value when strain increased 
larger than 0.5 at certain temperatures and strain rates [22]. Figure 13 gives the effect 
of strain on subgrain size at different temperatures and strain rates. It shows that 
subgrain size stays approximately constant at different strains 0.5 and 0.9, which also 
suggests that the dominant deformation mechanism is dynamic recovery.  
  In summary, the dominant deformation mechanism in the single β phase field is 
dynamic recovery. The reasons are as follows. First, the steady state flow stress is 
observed after yielding. Second, the average activation energy of Ti-10V-2Fe-3Al is 
172 KJ/mol, quite similar to the self-diffusion of pure beta titanium. Third, the 
orientation gradient within grains also suggests the occurrence of dynamic recovery. 
Fourth, the linear correlation of the β subgrain size with the Zener-Hollomon 
parameter also confirms that the main restoration process in the β phase is dynamic 
recovery [5]. Finally, subgrain size is independent of strain at strains larger than 0.5.  
 
4.4 Dynamic recrystallization mechanisms during hot compression at above Tβ 
  Due to the large stacking fault energy of the BCC titanium, a high rate of dynamic 
recovery is generally associated with deformation in beta titanium, and DDRX is not 
observed in the β phase of titanium alloys in most cases [23]. However, this does not 
mean that discontinuous recrystallization is impossible in beta titanium alloys. It was 
reported that both continuous and discontinuous recrystallization took place in the β 
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phase in Ti-15V-3Cr-3Zn-3Al deformed at 800°C to 55% compression [10]. Thus 
whether discontinuous recrystallization or continuous recrystallization occurs in our 
experiments needs to be investigated. 
 
4.4.1 CDRX in the Ti-10V-2Fe-3Al alloy 
  It is well known that CDRX accompanies dislocation generation, dynamic recovery 
and the formation of low-angle grain boundaries [24]. It occurs by progressive rotation 
of subgrains adjacent to pre-existing grain boundaries, followed by the transformation 
of LAGBs into with HAGBs, resulting in a gradient of misorientation from center to 
edge in the prior grains [24, 25]. Moreover, CDRX is associated with much slower 
kinetics than those with DRX. It requires a very large strain to fully achieve CDRX, 
for instance, a strain of 12 in AA1421 aluminum alloy [25]. However, to activate 
CDRX, only small or moderate strain is required. For instance, a strain of 1 in 
AA1421 aluminum alloy [25] and 0.7 in Ti-55531 [26] were reported. 
  Figure 14 shows that point to origin misorientation increases progressively within 
the β grains towards the grain boundaries at a high strain rate of 0.1 s-1 at 820°C. High 
angle grain boundaries may form at larger strain. This process is probably associated 
with inhomogeneous plasticity and accelerated dynamic recovery in the grain 
boundary regions [22]. This reveals that the dominant deformation mechanism is 
dynamic recovery followed by CDRX by progressive lattice rotation [22]. While at low 
strain rate, this phenomenon is not obvious, which was also reported in Ti-5Al–5Mo–
5V–3Cr–1Zr [5]. 
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  The KAM maps present a non-uniform distribution at the low deformation 
temperature and high strain rate (High Z). Low KAM values are produced in the grain 
center and maximum KAM values were reached close to the prior grain boundaries. 
As KAM is the average misorientation of a given point with all of its immediate 
neighbors, concentration of high KAM value close to grain boundaries also indicates 
an increment of misorientation toward grain boundaries. Therefore high KAM values 
close to pre-existing grain boundaries and low KAM values in the grain center would 
indicate the occurrence of dynamic recovery followed by CDRX. This is the first time 
to report the relationship between KAM and dynamic recovery followed by CDRX. 
This viewpoint has been verified in a near β titanium alloy Ti-55531, in which a 
similar KAM distribution was also observed when CDRX occurs [26]. 
 The recrystallized grains still display the same or similar orientations to the 
deformed grains, i.e., <111> or <100> orientations, indicating the recrystallization 
mechanism is mainly CDRX as CDRX does not produce a new orientation. 
 
4.4.2 Geometric dynamic recrystallization in Ti-10V-2Fe-3Al 
  Geometric dynamic recrystallization is one type of continuous recrystallization, 
generally occurring when the HAGB spacing is approximately equal to the subgrain 
size [22]. It requires a large strain to achieve this criterion, as the subgrain size is 
usually small.  
  To determine whether geometric dynamic recrystallization is possible for the test 
conditions, the effect of strain on subgrain size and HAGB spacing at different strain 
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rates are plotted (Figure 15). At both high strain rate and low strain rate, the HAGB 
spacing is much larger than subgrain size at highest strain of 0.9; i.e. geometric 
dynamic recrystallization hardly occurs. Furthermore, at lower strain rate of 0.001s-1, 
the difference of HAGB spacing and subgrain size is larger than that at higher strain 
rate 0.1s-1. Thus it is expected that geometric dynamic recrystallization prefers to 
occur at higher strain rate. 
4.4.3 DDRX in Ti-10V-2Fe-3Al 
DDRX generally occurs in metals with low stacking fault energy, but it also exists 
in Ti-10V-2Fe-3Al alloy and other β titanium alloys [10]. It was reported that when 
DDRX occurs, a strong new texture was generally observed [68]. However, the 
recrystallized grains still present <111> and <001> orientations, the same as the 
deformed grains, indicating that DDRX is not observed. 
The fraction of HAGB generally presents a relatively obvious increase with 
increasing temperature if discontinuous recrystallization occurs. On the other hand, it 
stays at a relatively constant value if continuous recrystallization occurs [22, 27-29]. 
Figure 16 shows that no obvious increase in HAGB% is observed, especially for 
deformation to strains of 0.9 at a strain rate of 0.001s-1. There is an initial decrease in 
HAGB% with increasing temperature in most cases. At the early stage of deformation, 
as high temperature promotes the deformation, and more low angle grain boundaries 
are generated, a reduction of HAGB could be expected. This also implies that DDRX 
is not observed under these test conditions. 
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5. Conclusions 
  The volume fraction of dynamic recrystallization is lower than 10% at all the 
deformation conditions in the single β phase field, showing that the main dynamic 
restoration mechanism is dynamic recovery at above β transus temperatures tested in 
this paper. The activation energy for hot working of Ti-10V-2Fe- 3Al in the β field is 
calculated to be 172 kJ/mol, which supports the view that dynamic recovery is the 
dominant dynamic restoration mechanism. 
  CDRX by progressive lattice rotation prefers to occur at high strain rate and low 
temperature (High Z). Geometric dynamic recrystallization hardly occurs, as HAGB 
spacing is much larger than subgrain size at the highest strain of 0.9. Concentration of 
high KAM values close to grain boundaries and low KAM values at the grain center 
is observed when CDRX by progressive lattice rotation occurs. DDRX is rarely 
observed in the single β field in the Ti-10V-2Fe-3Al alloy. 
Acknowledgements 
This paper is supported by CAST in Australia, the Fundamental Research Funds 
for the Central Universities (WUT: 2017IVA038) and Doctoral Scientific Research 
Foundation of Wuhan University of Technology (40122022). The authors 
acknowledge the use of facilities within the Monash Centre for Electron and Hubei 
Key Laboratory of Advanced Technology for Automotive Components. 
References 
[1] D. Banerjee, J.C. Williams, Perspectives on titanium science and technology, Acta 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 17 
Mater., 61 (2013) 844-879. 
[2] C. Huang, Y. Zhao, S. Xin, W. Zhou, Q. Li, W. Zeng, Effect of microstructure on 
tensile properties of Ti–5Al–5Mo–5V–3Cr–1Zr alloy, J. Alloys Compd., 693 (2017) 
582-591. 
[3] J.K. Fan, H.C. Kou, M.J. Lai, B. Tang, H. Chang, J.S. Li, Hot deformation 
mechanism and microstructure evolution of a new near beta titanium alloy, Mater. Sci. 
Eng., A, 584 (2013) 121-132. 
[4] N.G. Jones, M. Jackson, On mechanism of flow softening in Ti-5Al- 5Mo-5V-3Cr, 
Mater. Sci. Technol., 27 (2011) 1025-1032. 
[5] F. Warchomicka, C. Poletti, M. Stockinger, Study of the hot deformation 
behaviour in Ti-5Al-5Mo-5V-3Cr-1Zr, Mater. Sci. Eng., A, 528 (2011) 8277-8285. 
[6] L. Lei, X. Huang, M. Wang, L. Wang, J. Qin, H. Li, S. Lu, Effect of hot 
compressive deformation on the martensite transformation of Ti-10V-2Fe-3Al 
titanium alloy, Mater. Sci. Eng., A, 530 (2011) 591-601. 
[7] N.G. Jones, R.J. Dashwood, D. Dye, M. Jackson, The flow behavior and 
microstructural evolution of Ti-5Al-5Mo-5V-3Cr during subtransus isothermal 
forging, Metall. Mater. Trans. A, 40 (2009) 1944-1954. 
[8] T. Furuhara, Y. Toji, H. Abe, T. Maki, Dynamic recovery and recrystallization in 
beta-titanium alloys, Mater. Sci. Forum, 426-432 (2003) 655-660. 
[9] R.Q. Bao, X. Huang, C.X. Cao, Deformation behavior and mechanisms of Ti-1023 
alloy, T. Nonferr. Metal Soc., 16 (2006) 274-280. 
[10] T. Furuhara, B. Poorganji, H. Abe, T. Maki, Dynamic recovery and 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 18 
recrystallization in titanium alloys by hot deformation, JOM, 59 (2007) 64-67. 
[11] J.Z. Sun, M.Q. Li, H. Li, Interaction effect between alpha and beta phases based 
on dynamic recrystallization of isothermally compressed Ti-5Al-2Sn-2Zr-4Mo-4Cr 
with basketweave microstructure, J. Alloys Compd., 692 (2017) 403-412. 
[12] Z. Wang, X. Wang, Z. Zhu, Characterization of high-temperature deformation 
behavior and processing map of TB17 titanium alloy, J. Alloys Compd., 692 (2017) 
149-154. 
[13] N.G. Jones, R.J. Dashwood, D. Dye, M. Jackson, Thermomechanical processing 
of Ti-5Al-5Mo-5V-3Cr, Mater. Sci. Eng., A, 490 (2008) 369-377. 
[14] A.A. Gazder, M. Sanchez-Araiza, J.J. Jonas, E.V. Pereloma, Evolution of 
recrystallization texture in a 0.78 wt.% Cr extra-low-carbon steel after warm and cold 
rolling, Acta Mater., 59 (2011) 4847-4865. 
[15] X.-Q. Yin, C.-H. Park, Y.-F. Li, W.-J. Ye, Y.-T. Zuo, S.-W. Lee, J.-T. Yeom, X.-J. 
Mi, Mechanism of continuous dynamic recrystallization in a 50Ti-47Ni-3Fe shape 
memory alloy during hot compressive deformation, J. Alloys Compd., 693 (2017) 
426-431. 
[16] I. Weiss, S.L. Semiatin, Thermomechanical processing of beta titanium alloys - 
An overview, Mater. Sci. Eng., A, 243 (1998) 46-65. 
[17] W. Jia, W. Zeng, Y. Zhou, J. Liu, Q. Wang, High-temperature deformation 
behavior of Ti60 titanium alloy, Mater. Sci. Eng., A, 528 (2011) 4068-4074. 
[18] F. Warchomicka, M. Stockinger, H.P. Degischer, Quantitative analysis of the 
microstructure of near beta titanium alloy during compression tests, J. Mater. Process. 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 19 
Technol., 177 (2006) 473-477. 
[19] J. Zhang, H. Di, H. Wang, K. Mao, T. Ma, Y. Cao, Hot deformation behavior of 
Ti-15-3 titanium alloy: A study using processing maps, activation energy map, and 
Zener-Hollomon parameter map, J. Mater. Sci., 47 (2012) 4000-4011. 
[20] S. Cheong, H. Weiland, Understanding a microstructure using GOS (Grain 
Orientation Spread) and its application to recrystallization study of hot deformed 
Al-Cu-Mg alloys, Mater. Sci. Forum, 558-559(2007) 153-158. 
[21] J. Huang, H. Xing, J. Sun, Structural stability and generalized stacking fault 
energies in beta Ti-Nb alloys: Relation to dislocation properties, Scripta Mater., 66 
(2012) 682-685. 
[22] F.J. Humphreys, M. Hatherly, Recrystallization and related annealing phenomena, 
2nd ed. ed., New York : Elsevier Science 2004. 
[23] F. Montheillet, L. Pallot, D. Piot, Hot deformation and dynamic recrystallization 
of the beta phase in titanium alloys, Mater. Sci. Forum, 706-709 (2012) 127-134. 
[24] S.V. Mehtonen, E.J. Palmiere, R.D.K. Misra, L.P. Karjalainen, D.A. Porter, 
Dynamic restoration mechanisms in a Ti-Nb stabilized ferritic stainless steel during 
hot deformation, Mater. Sci. Eng., A, 601 (2014) 7-19. 
[25] Q. Chao, P.D. Hodgson, H. Beladi, Ultrafine Grain Formation in a Ti-6Al-4V 
Alloy by Thermomechanical Processing of a Martensitic Microstructure, Metall. 
Mater. Trans. A, (2014) 1-13. 
[26] M. Dikovits, C. Poletti, F. Warchomicka, Deformation Mechanisms in the Near 
beta Titanium Alloy Ti-55531, Metall. Mater. Trans. A, (2013) 1-11. 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 20 
[27] H. Jazaeri, F.J. Humphreys, The transition from discontinuous to continuous 
recrystallization in some aluminium alloys II - Annealing behaviour, Acta Mater., 52 
(2004) 3251-3262. 
[28] H. Jazaeri, F.J. Humphreys, The transition from discontinuous to continuous 
recrystallization in some aluminium alloys I - The deformed state, Acta Mater., 52 
(2004) 3239-3250. 
[29] H. Jazaeri, F.J. Humphreys, Quantifying recrystallization by electron backscatter 
diffraction, J. Microsc., 213 (2004) 241-246. 
[30] A. Zhen, L. Jinshan, F. Yong, L. Xianghong, D. Yuxuan, M. Fanjiao, W. Zhe, 
Modeling Constitutive Relationship of Ti-555211 Alloy by Artificial Neural Network 
during High-Temperature Deformation, Rare Metal Mater. Eng., 44 (2015) 62-66. 
[31] I. Philippart, H.J. Rack, High temperature dynamic yielding in metastable 
Ti-6.8Mo-4.5F-1.5Al, Mater. Sci. Eng., A, 243 (1998) 196-200. 
[32] G.P. Zhou Wei, Zhao Yong-qing, Li Qian, Feng Liang, Yang Yi, Hot deformation 
behavior of Ti-5553 alloy, Chin. J. Nonferrous Met., 20 (2010) 5. 
[33] J. Fan, H. Kou, M. Lai, B. Tang, H. Chang, J. Li, High Temperature 
Discontinuous Yielding in a New Near β Titanium Alloy Ti-7333, Rare Metal Mater. 
Eng., 43 (2014) 808-812. 
[34] S.M. Abbasi, A. Momeni, A. Akhondzadeh, S.M. Ghazi Mirsaed, Microstructure 
and mechanical behavior of hot compressed Ti-6V-6Mo-6Fe-3Al, Mater. Sci. Eng., A, 
639 (2015) 21-28. 
[35] S.M. Abbasi, M. Morakkabati, A.H. Sheikhali, A. Momeni, Hot deformation 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 21 
behavior of beta titanium Ti-13V-11Cr-3Al alloy, Metall. Mater. Trans. A, 45 (2014) 
5201-5211. 
 
Figures and tables 
Table 1 Chemical composition of the as received Ti-10V-2Fe-3Al plate 
 Al V Fe O N Ti 
wt. % 3.01 9.68 1.99 0.06 0.02 Bal. 
 
 
 
 
 
Table 2 Critical GOS for recrystallized grains at different deformation conditions 
 820°C 850°C 900°C 
 0.1s-1 0.001 s-1 0.1s-1 0.001 s-1 0.1s-1 0.001 s-1 
Strain 0.2 1.6 0.83 1.6 1.3 1.0 1.2 
Strain 0.9 1.1 0.9 1.03 0.9 1.8 1.2 
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Figure 1 True stress-true strain curves of Ti-10V-2Fe-3Al alloy at (a) 820 °C, (b) 
850°C, (c) 900°C, and (d) the corresponding yield drop 
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Figure 2 Orientation maps of Ti-10V-2Fe-3Al alloy deformed at 820°C (a) 0.1s-1, 
strain 0.2, (b) 0.1s-1, strain 0.9, (c) 0.01s-1, strain 0.2, (d) 0.01s-1, strain 0.9, (e) 
0.001s-1, strain 0.2, (f) 0.001s-1, strain 0.9 
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Figure 3 Orientation maps of Ti-10V-2Fe-3Al alloy deformed at 850°C, (a) 0.1s-1, 
strain 0.2, (b) 0.001s-1, strain 0.2, (c) 0.1s-1, strain 0.5, (d) 0.001s-1, strain 0.5, (e) 
0.1s-1, strain 0.9, (f) 0.001s-1, strain 0.9 
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Figure 4 Orientation maps of Ti-10V-2Fe-3Al alloy deformed at 900°C, (a) 0.1s-1, 
strain 0.2, (b) 0.001s-1, strain 0.2, (c) 0.1s-1, strain 0.5, (d) 0.001s-1, strain 0.5, (e) 
0.1s-1, strain 0.9 (f) 0.001s-1, strain 0.9 
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Figure 5 Recrystallized grains (blue color) partitioned from samples deformed at 
constant strain rate of 0.1s-1 to a strain of 0.2 and corresponding KAM maps (right 
side), (a) 820°C, (b) 850°C, (c) 900°C 
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Figure 6 Recrystallized grains (blue color) partitioned from samples deformed at 
constant strain rate of 0.1s-1 to a strain of 0.9 and corresponding KAM maps (right 
side), (a) 820°C, (b) 850°C, (c) 900°C 
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Figure 7 Recrystallized grains (blue color) partitioned from samples deformed at 
constant strain rate of 0.001s-1 to a strain of 0.2 and corresponding KAM maps (right 
side), (a) 820°C, (b) 850°C, (b) 900°C 
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Figure 8 Recrystallized grains (blue color) partitioned from samples deformed at 
constant strain rate of 0.001s-1 to a strain of 0.9 and corresponding KAM maps (right 
side), (a) 820°C, (b) 850°C, (c) 900°C 
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Figure 9 Effect of temperature on volume fraction of recrystallized grains in samples 
deformed to a strain of 0.9 
              
 
 
Fig.10 Effect of Mo eq value on the yield drop extent in different beta titanium alloys 
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Figure 11 (a) ln aginst ln[sinh(ασ)] and (b) ln[sinh(ασ)] against 1000/T 
 
Figure 12 Relationship of Z parameter and β phase subgrains size at above Tβ 
 
Figure 13 Effect of strain on the subgrain size in Ti-10V-2Fe-3Al  
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Figure 14 Comparison of misorientation distribution from grain interior to grain 
boundaries after deformation to a strain of 0.2 
 
Figure 15 Effect of strain and strain rate on subgrain size/cell and HAGB spacing at (a) 
850°C (b) 900°C 
Figure 16 Effect of temperatures on HAGB% at strain rates of (a) 0.1s-1, (b) 0.001s-1 
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 A method to determine CDRX using kernel average misorientation is proposed. 
 With increasing Mo eq, the yield drop of β titanium alloys increases as plotted.  
 Recrystallization grains are partitioned from EBSD results using calculated GOS. 
 
 
 
